Abstract Endophthalmitis can often result in blindness. The number of cases will most likely increase as intravitreal injections are performed more frequently. The prevention and treatment of endophthalmitis remains controversial. Recent data suggest that intracameral cefuroxime, which is now commercially available in Europe, reduces the risk of postoperative endophthalmitis. We here review the most up-to-date data on the incidence, prevention and treatment of infectious endophthalmitis.
Introduction
Endophthalmitis is intraocular inflammation generally caused by infection. Patients report blurred vision, redness, pain and eyelid swelling. On examination there is often hypopyon and vitritis. Timely diagnosis and treatment are key to preventing severe vision loss. Given the rarity of the condition, few randomized controlled clinical trials have been conducted. The prophylaxis of endophthalmitis remains controversial. We here conduct a Pubmed keyword search for ''endophthalmitis'' for articles published from April 2012 to 2013. We describe relevant clinical findings and provide our recommendation for the management of infectious endophthalmitis.
Injection Related Endophthalmitis
Cases of infectious endophthalmitis following intravitreal injection will certainly increase with the sustained use of anti-VEGF injections in the treatment of numerous ocular conditions. In 2008 a total of 824,000 bevacizumab and ranizumab injections were given according to the Medicare part B database [1] . Taking into account non-Medicare usage and increasing use over the past five years, we estimate currently between 1 and 2 million intravitreal injections are given a year. Thus intravitreal injections are likely the second most common cause of endophthalmitis after cataract surgery. This is particularly concerning given the suggestion that endophthalmitis resulting from intravitreal injections is more severe than that following cataract surgery [2] . A recent study of rates in the UK found a per injection incidence of 0.025 % [3] . A study from Boston demonstrated a rate of 0.029 % [4] . This is comparable to the postoperative endophthalmitis rate following cataract surgery of 0.02-0.2 % ( Table 1 ). The repeated nature of anti-VEGF treatments increases the cumulative risk. For example, in a patient receiving a course of 24 injections, the likelihood of having at least one infection could range from 0.48 % to a rather concerning 4.7 %.
Prophylaxis of intravitreal injection related endophthalmitis has been and remains controversial. Increase in the minimal inhibitory concentration of bacteria after routine antibiotic use before and after injection has been documented [5 • ]. A retrospective study examining fifteen thousand injections found a rate of endophthalmitis of 0.061 % in patients receiving antibiotic for 5 days post injection, 0.084 % in those receiving antibiotics immediately after injection and 0.034 % in those not given antibiotics [6] . We agree with the authors who speculate that chronic use of antibiotics may select for more resistant species and strains of bacteria. An update from the Diabetic Retinopathy Clinical Research Network found no significant difference in the rate of endophthalmitis with or without topical antibiotic [7] . Another retrospective study from the UK, however, found that antibiotics not given immediately prior to or after injection significantly increased the risk of endophthalmitis [3] . A retrospective study from Australia found a rate of 0.1 %, when the procedure was performed in the office, compared to 0 % in an operating theater [8] . A study in Japan found zero cases of endophthalmitis in over 15,000 injections with the use of mask, povidone iodide and a course of pre-injection antibiotic [9] . A randomized trial comparing azithromycin to ofloxacin was recently completed in Spain, with the authors suggesting that azithromycin prophylaxis was significantly superior to ofloxacin prophylaxis in reducing rates of endophthalmitis (0.049 vs 0.12 %) [10] . This conclusion has been challenged because the data appears not to be significant with alternative statistical testing [11] . Another recent review covers each aspect of the injection technique without finding strong evidence for any particular method [12] .
Although the use of topical antibiotic in the setting of intravitreal injection is controversial, we think it is important to prepare the eye with povidone iodide prior to each injection, wear a mask or avoid talking [13] , and adhere to sterile technique. A preoperative course of antibiotics likely is not needed and could cause resistance given the typical dosing frequency of injections. Immediate preoperative antibiotic would not greatly reduce bacterial concentration in addition to povidone iodide, and immediate post operative topical antibiotic would not adequately penetrate the vitreous [14] . Conducting all injections in an operating theater is impractical. There are numerous variations among ophthalmologists with regard to speculum type and usage, conjunctival displacement, and location/quadrant of injection. We do not feel there is adequate evidence to support or argue against any particular technique.
When a case of post injection endophthalmitis is suspected, the patient should undergo vitreous sampling and antibiotic injection. It is unclear whether the results of the Endophthalmitis Vitrectomy Study (EVS) can guide treatment for injection related endophthalmitis [15] . Clinicians in New York retrospectively examined cases of endophthalmitis that were treated with tap and inject with or without vitrectomy. Clinical outcomes appeared worse for those that underwent vitrectomy, but the authors observed these had more severe cases of endophthalmitis and made no recommendations regarding the utility of vitrectomy [16] . There is insufficient evidence at this time to make conclusions upon the role of vitrectomy. There have been reports of post injection inflammatory endophthalmitis, however, the authors suggest that there is no reliable way to distinguish between post injection inflammation and infection [17] . In general, post injection inflammation should be treated aggressively with vitreous sampling and antibiotic injection.
Post Cataract Endophthalmitis
Three million cataract surgeries are performed each year in the United States, and; therefore, it is the most common procedure associated with endophthalmitis. A large metaanalysis found that the rate of post cataract endophthalmitis to be 0.265 % in the early part of the last decade. Recent analysis of [2003] [2004] Medicare data estimated a rate of 0.122 % after examining over 3.2 million surgeries [18 •• ]. These numbers trend higher than estimated rates of post injection endophthalmitis, reflecting the longer and more complex nature of cataract surgery compared to intravitreal injection. Although intravitreal injections have a lower per injection rate of endophthalmitis than cataract surgery, the repeated injections increase the overall risk of endophthalmitis for each patient.
It has long been widely accepted that topical povidone iodide is an effective prophylaxis for cataract surgeries. In addition, the results of the 2007 European Society of Cataract and Refractive Surgeons (ESCRS) study, a Table 1 ). The popularity of intracameral cefuroxime in Europe was boosted by this study. A retrospective study from France described a rather high rate of 1.238 % without cefuroxime versus 0.044 % with intracameral cefuroxime [20] . Similar work from Singapore demonstrated a rate of 0.01 % with intracameral cefazolin as compared to 0.064 % in the control group [21] . These and other studies point strongly to the efficacy of intracameral antibiotic prophylaxis. This may reflect the ability of the intracameral delivery method to deliver a more effective bacterial killing dose than topical treatment. Adoption of intracameral prophylaxis in the United States has been slow given concerns for formulation, contamination, toxicity and the lack of commercially available cefuroxime preparation designed for intraocular use. A recent report detailed a series of patients injected with cefuroxime at an incorrectly formulated dose of 50 mg/ml and documented numerous complications including corneal edema, retinal pigmentary changes, ERG signal attenuation and severe vision loss [22] . However, cefuroxime designed for intracameral use, Aprokam Ò has been approved in the European Union [23 • ]. This will allay formulation fears and further increase the popularity of cefuroxime in the EU. In the mean time some large health systems such as Kaiser Permanente in California have begun to routinely use intracameral antibiotic prophylaxis with good results [24 • ]. Their study demonstrated an endophthalmitis rate of 0.313 % with postoperative antibiotic drops, 0.143 % with intracameral cefuroxime for those without cephalosporin allergy or capsular rupture, and 0.014 % with the combined use of intracameral cefuroxime routinely along with intracameral moxifloxacin or vancomycin as back up for patients with allergies or capsular rupture.
The treatment of post cataract endophthalmitis has long been guided by the Early Vitrectomy Study (EVS) [15] . This randomized prospective study found that early vitrectomy reduced severe vision loss in patients with light perception or worse vision as compared to vitreous sampling and antibiotic injection. There was no benefit from early vitrectomy in patients with hand motion or better vision. This has become the standard of care. We emphasize that clinicians should follow the published procedure for checking vision, with hand motion being tested at a distance of 60 cm, with a lamp directed from behind the patient towards the examiner's hand. The patient should be able to identify whether the examiner's hand is moving up or down, left or right, or not moving four out of five times to be considered to have hand motion vision. The EVS recommended injection of vancomycin and amikacin antibiotics. However, due to the potential retinal toxicity of amikacin, ophthalmologists have shifted to using ceftazidime instead of amikacin, and recent work confirms that these remain appropriate medication choices [25] .
Controversy exists as to whether treatment with steroid is helpful in treatment of post cataract endophthalmitis. A recent trial randomized 32 patients with post cataract, bleb related and ''other'' causes of endophthalmitis to intravitreal ceftazidime, vancomycin and placebo and 30 patients to ceftazidime, vancomycin and dexamethasone [26] . They found no significant difference in visual outcomes at two weeks and two to four months. There was, however, a trend towards more visual improvement in steroid treated post cataract subgroup.
Delayed post operative endophthalmitis is defined as endophthalmitis occurring more than six weeks after surgery. It generally presents with better vision and less severe signs than acute postoperative endophthalmitis. A retrospective case series found this entity to be caused by Propionibacterium acnes in 42 %, fungal in 27 %, gram negative bacteria in 12 %, gram positive bacteria in 12 %, and atypical mycobacterium in 8 % of eyes [27] . The authors recommended careful culture of suspected cases including anaerobic and fungal culture. This study found that, in cases of chronic endophthalmitis that recurred after injection of antibiotics, nearly all benefited from vitrectomy with removal of the capsule and IOL removal or exchange.
Bleb Associated Endophthalmitis
The presence of a filtering bleb allows for relative ease of access to the intraocular media and, thus, is a risk factor for endophthalmitis. Several retrospective studies examining this topic have recently been published. A study of the British Ophthalmic Surveillance Unit data examined 17 cases and calculated an annual rate of bleb associated endophthalmitis of 0.17 % [28] . Half of patients in this study had outcomes of light perception or worse vision. A study from China confirmed findings of poor outcomes from bleb associated endophthalmitis, with only 38.7 % of their 31 patients achieving better than 20/400 vision [29] . Analysis of long term complications in 285 patients randomized to trabeculectomy from the Collaborative Initial Glaucoma Treatment Study demonstrated a five year risk of endophthalmitis of 1.1 % [30] . The annual risk of bleb associated endophthalmitis appears similar to that of one cataract surgery.
It is generally agreed upon that the results of the EVS are not applicable to cases of bleb associated endophthalmitis. It is suggested that given the generally poor outcomes, treatment for bleb related endophthalmitis should be more aggressive than that for post cataract endophthalmitis. The aforementioned study from China suggested that vitrectomy was of benefit to their patients with vision at the level of hand motion or worse. However, given the lack of prospective studies, there is no consensus regarding the level of vision at which a vitrectomy would be indicated. It is also clear that bleb leakage is a risk factor for infection and that any leaks which do not resolve in the short term should be surgically corrected.
Endogenous Endophthalmitis
Endogenous sources of infectious organisms can reach the intraocular media through the bloodstream and is generally associated with serious medical illness and immunosuppression [31] . In the United States fungi and molds are typically responsible. A case series examining 65 eyes with fungal endophthalmitis found visual acuity of better than 20/200 was achieved with treatment in only 50.8 % [32] . Most of the patients underwent vitrectomy, and a high percentage (29) had retinal detachment. This is the first report of the rate of retinal detachment after vitrectomy in endogenous fungal endophthalmitis. No cases of endophthalmitis in this series were identified based on routine ocular screening after septicemia. A series examining 44 cases in the UK found vision better than 20/200 in 67 % of cases. Early vitrectomy was found to be helpful in reducing the rate of retinal detachment, though not significantly improving final visual outcomes [33] . A case series of 90 eyes from Korea showed that 48.4 % of endogenous endophthalmitis was caused by Klebsiella pneumonia as is typical of Asian countries. They also suggested that early vitrectomy may be helpful [34] .
Ocular screening is recommended in the infectious disease literature for all patients with positive blood cultures for Candida regardless of symptoms. A study from 2011 showed that in 370 patients with positive Candida blood culture, ocular involvement occurred in 16 % and endophthalmitis in 1.6 % [35] . However, it is suggested that in adults without impaired consciousness who are asymptomatic, routine screening is of very low yield and perhaps unnecessary after a systemic course of treatment. A Swedish study of 144 patients with candidemia who survived more than 60 days found no cases of late onset ocular candidiasis in patients who had received at least 14 days of systemic antifungal treatment [36] . Prospective studies are necessary to delineate specific indications for routine ocular screening in patients with septicemia. The treatment of endogenous fungal endophthalmitis is generally systemic antifungal therapy given the underlying mechanism. Both voriconazole and amphotericin B appear effective [35, 37] . Intraocular injections may be of benefit when vitritis is noted. It is unclear when vitrectomy is helpful.
Molecular Diagnosis
Identification of the organism causing endophthalmitis can be very helpful in guiding treatment. However, given the rapid clinical course, cultures often take too long to be immediately helpful. For injection related endophthalmitis, cultures were positive in 59.6 % of cases [3] . Fungal endophthalmitis was culture positive in 44 % [32] . Postcataract endophthalmitis was culture positive in 42 % [24 • ]. These numbers can vary from study to study, but clearly a significant proportion of cases are culture negative. There has been much work in recent years to develop reliable molecular methods to hasten the identification of causative organisms. A group in Japan has developed real time PCR for diagnosis of fungal endophthalmitis. They reported development of fungal endophthalmitis in 10/11 patients who were positive for fungal DNA with real time quantitative PCR techniques (RT PCR) [38] . Another group reported use of RT PCR in 64 cases of post cataract endophthalmitis. PCR yielded positive results in 66 % of patients, as compared to 34 % with traditional cultures. One patient who was culture positive for Nocardia was not identified by PCR. All cases positive for both PCR and culture identified the same organism [39] . With time molecular techniques will become a useful adjunct in the management of endophthalmitis by allowing for early identification of organisms.
Conclusion
Endophthalmitis is a devastating disease but there is hope for improved prevention, management and outcomes. Antibacterial prophylaxis is proven and effective. New techniques for microbiological identification are being developed. Improved treatment of endophthalmitis can potentially result in fewer patients with vision loss due to endophthalmitis.
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